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Abstract: An aqueous two-phase extraction system was constituted using magnetic ionic liquid-nonionic surfactant for
phenolic acids and the developed method was applied to apple, grape, pear, and banana samples. Ionic liquids based
on imidazolium containing butyl, allyl, and benzyl groups were used for extraction. The parameters influencing the
extraction efficiency such as volume of ionic liquids, type and amount of surfactant and salt, ultrasound extraction time,
temperature, and sample pH were optimized. The extraction efficiencies of ionic liquids were compared for phenolic
acids under optimized conditions. Limits of detection and limits of quantification were in the range of 1.34–1.56 µg
L −1 and 4.33–4.68 µg L −1 , respectively. The interday and intraday precision (RSD%) for the phenolic acids at 5 and 25
µg L −1 were in the range of 4.48%–5.69% and 3.02%–4.51%, respectively. The spiked recoveries of phenolic acids were
between 70.78% and 99.97% in real samples.

Key words: Aqueous two-phase extraction, magnetic ionic liquid, phenolic acid, high-performance liquid
chromatography, surfactant
1. Introduction
Phenolic acids have natural antioxidant properties and also secondary metabolite properties [1]. These compounds are usually found in seeds, fruits, flowers, leaves, and branches of plants and they protect the plants
from ultraviolet rays, diseases, and damages [2,3]. However, excess amounts of phenolic acids in food cause
quality loss called enzymatic browning. The excessive consumption of these foods can create health problems
such as nutritional disorders or cancer [4,5]. Therefore, it is necessary to control the amount of phenolic acids in
foods. Chromatographic techniques such as high-performance liquid chromatography (HPLC) [6],

gas chro-

matography (GC) [7], and high-performance thin-layer chromatography (HPTLC) [8] are used for the analysis
of phenolic acids. These compounds must be separated and enriched from the complex matrix prior to their
analysis for sensitive and selective determination [9,10].
Among these extraction methods, aqueous two-phase extraction (ATPE) is an economical and efficient
technique. This method is superior to the traditional liquid-liquid extraction method with high water content
of the lower and upper phases. In addition, the ATPE method is environmentally friendly due to the absence
of volatile organic solvents and it enables the analyte to be highly enriched from the aqueous phase [11–13].
This extraction technique generally employs polymer/polymer [14], polymer/salt [15], surfactant/salt [16], and
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surfactant/ionic liquid [17] solutions. Ionic liquid-based aqueous two-phase extraction (IL-ATPE), due to the use
of ionic liquid, has advantages such as little emulsion, quick phase separation, low viscosity, and environmental
friendliness [18,19]. Thus, the IL-ATPE method has been applied in the extraction of various inorganic and
organic analytes before their analysis [20,21]. Recently, magnetic room-temperature ionic liquids (MILs) have
also been used in extraction techniques [22,23]. Phase separation efficiency in ATPE can be enhanced with
the use of magnetic ionic liquid. Yao et al. used a guanidinium based MIL-ATPE system to determine trace
amounts of chloramphenicol in water environments [18]. They achieved rapid extraction with MIL and showed
that extraction efficiency was enhanced. Nie et al. prepared cholinium-based MIL and used ATPE for berberine
hydrochloride in Rhizoma coptidis [24]. High extraction efficiency and rapid phase separation were obtained
with this MIL.
In this work, an ATPE method was developed using MILs based on imidazolium and the nonionic
surfactant Triton X-100 to separate trace amounts of phenolic acids in grape, apple, pear, and banana samples.
HPLC was used to separate and determine trace amounts of phenolic acids in samples. Parameters such as
volume of ionic liquid, type and amount of surfactant and salt, extraction time, temperature, and pH of the
sample solution were optimized to examine the extraction efficiency. The effects on the extraction performances
of the ionic liquids were compared. These results showed that the developed method is simple, practical, efficient,
repeatable, inexpensive, and free of organic solvents. Moreover, the proposed method provided high recoveries
and good repeatability for phenolic acids in real samples.
2. Results and discussion
2.1. Characterization of MILs
The structures of the synthesized MILs were illuminated by FTIR and UV-Vis region spectra (Figure 1).
Thermal stabilities of MILs were investigated by TG/DTA curves. In FTIR spectra, ~3137–3142 cm −1 were
the aromatic = C-H stretching vibrations, ~2946–2868 cm −1 were aliphatic symmetric and asymmetric –CH stretching vibrations, ~2352–2358 cm −1 were stretching vibrations of imidazolium rings, and ~1446–1451
and ~1552–1558 cm −1 were C =C and C =N stretching vibrations, respectively [25]. Furthermore, ~1331–
1337 cm −1 were –C-H bending vibrations, ~1055–1160 cm −1 were -C-C stretching vibrations, and ~730–825
cm −1 were aromatic =C-H out-of-plane bending vibrations. In the UV-Vis spectra, the peaks observed at 530–
534 nm, 610–611 nm, and 680–688 nm in MILs were the characteristic peaks for FeCl −
4 ions [26,27]. In TG/DTG
curves it was concluded that the MILs were very stable. The decomposition temperatures of MILs were 401, 374,
and 392 °C for 1-butyl-3-methylimidazolium tetrachloroferrate, 1-allyl-3-methylimidazolium tetrachloroferrate,
and 1-benzyl-3-methylimidazolium tetrachloroferrate, respectively.
2.2. Optimization of ATPE
2.2.1. Volume of MIL
As the volume of ionic liquid affects the formation of phase separation in IL-ATPE, the optimization of the
volume of ionic liquid is an important parameter. The use of more ionic liquid can enhance the recovery of
phenolic acid. The extraction efficiency can also decrease due to the higher viscosity of the ionic liquid [22].
For this, the optimization of a volume of MIL was carried out in the ranges given in Table 1. In experiments
with three ionic liquids, the recoveries of phenolic acids first quickly increased, then quickly decreased with the
increase of the volume of ionic liquid. This can be explained as follows: extraction efficiency rises with the
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Figure 1. The FTIR and visible absorption spectra and TG/DTA curves of MILs: a) 1-butyl-3-methylimidazolium
tetrachloroferrate, b) 1-allyl-3-methylimidazolium tetrachloroferrate, c) 1-benzyl-3-methylimidazolium tetrachloroferrate.

increasing amount of MIL until extraction saturation. Then an increase in the amount of ionic liquid causes
an increase in the volume of the upper phase and a decrease in the volume of the lower phase. Therefore, the
extraction efficiency begins to decrease [24]. The highest recovery was obtained with 200 µL of ionic liquid for
three MILs. In Figure 2, the results of ATPE carried out with different volumes of 1-allyl-3-methylimidazolium
tetrachloroferrate for phenolic acids are given. As seen, the recoveries of phenolic acids with 200 µL of ionic
liquid were in the order of gallic acid protocatechuic acid = chlorogenic acid caffeic acid ferulic acid. Low
recovery was achieved with gallic acid in the extraction with 50 and 100 µL of ionic liquid, but the extraction
saturation was carried out with 200 µL of ionic liquid and the interaction of gallic acid and ionic liquid was
observed at a maximum level. Then the recoveries were also reduced since interactions with increasing ionic
liquid viscosity would be reduced. The optimum volume of MIL was taken as 200 µL for the next experiments.

Table 1. The optimized parameters and ranges with three MILs.

Parameter
Volume of MIL
Range

1674

50–350 µL

Amount of
Triton X-100
0.05–0.3 g

Amount
Na2 CO3
0.05–0.6 g

of

Extraction time
5–25 min

Extraction
temperature
25–60 °C

pH
3–9
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Figure 2. The effect of the amount of ionic liquid on the ATPE performed with different amounts of 1-allyl-3methylimidazolium tetrachloroferrate (n = 3, 5 mL of 200 µg L −1 mixture, 0.2 g of Triton X-100, 0.5 g of Na 2 CO 3 , pH
5.5, extraction time 15 min).

2.2.2. Type and amount of surfactant
Effects of the type and amount of surfactant on extraction recovery were investigated in detail. First, the
extraction was carried out without surfactant, but phase formation could not be obtained with only ionic liquid
and salt. The surfactants comprise two parts, the head and the tail. The head is polar or ionic and has
a hydrophilic character. The tail is a hydrocarbon and has a hydrophobic property, and the surfactants are
capable of forming self-assembling aggregates. These molecules indicate their tails in the interior for their micelle
forms and their heads play a significant role in the interface between the aqueous solution and the aggregate’s
core [28]. Thus, MIL-ATPE was also carried out with anionic and cationic surfactant but the formation of the
extraction phase was only achieved with Triton X-100 in the extractions carried out with three ionic liquids. This
situation can be explained as follows: Triton X-100 is nonionic surfactant and a comparatively mild detergent.
This surfactant forms a gentle environment for some molecules and so the use of Triton X-100 can be more
effective for extraction studies [29]. For this, the amount of Triton X-100 was optimized for this study. On the
other hand, low or high concentrations of surfactant negatively influenced the amount of solubilized phenolic
acids [30]. The recoveries were decreased after 0.2 g of Triton X-100 in the extractions repeated with three ionic
liquids. For this, 0.2 g of Triton X-100 was accepted as the optimum amount for MIL-ATPE carried out with
three MILs. The extraction results with 1-benzyl-3-methylimidazolium tetrachloroferrate are given in Figure 3.
As seen, the recoveries of phenolic acids with 0.2 g of Triton X-100 were in the order of protocatechuic acid ?
gallic acid ? chlorogenic acid ? caffeic acid ? ferulic acid. Minor changes were observed with other amounts
of Triton X-100 in this order. The chemical structure of the phenolic acids was similar. Therefore, it was
similar in interactions during extraction. The amount of solubilized phenolic acids was affected with low and
high amounts of Triton X-100. For this reason, the extraction efficiency of phenolic acids varied with increasing
amounts of Triton X-100.
2.2.3. Type and amount of salt
As the inorganic salt may influence the extraction due to both intramicellar and intermicellar interactions,
the type and amount of salt should be optimized in ATPE [31]. Therefore, MIL-ATPE was carried out with
inorganic salts such as potassium carbonate (K 2 CO 3 ), dipotassium hydrogen phosphate (K 2 HPO 4 ), potassium
1675
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Figure 3. The effect of amount of Triton X-100 on the ATPE carried out with 1-benzyl-3-methylimidazolium tetrachloroferrate (n = 3, 5 mL of 200 µg L −1 mixture, 200 µL of MIL, 0.5 g of Na 2 CO 3 , pH 5.5, extraction time 15
min).

dihydrogen phosphate (KH 2 PO 4 ) , sodium carbonate (Na 2 CO 3 ), sodium bicarbonate (NaHCO 3 ) , and sodium
chloride (NaCl). The phase was not obtained for K 2 CO 3 , K 2 HPO 4 , KH 2 PO 4 , NaHCO 3 , and NaCl after
extraction was repeated with three ionic liquids. The effect of salting out was observed with only Na 2 CO 3 for
three MILs. Therefore, Na 2 CO 3 was chosen as the optimum type of salt.
As the volume of the upper phase could be reduced by increasing the amount of Na 2 CO 3 , the optimization
of the salt was performed in the ranges given in Table 1. The phase was not observed with 0.05, 0.1, and 0.2 g of
Na 2 CO 3 . The highest recovery was obtained with 0.4 g of salt, while the recoveries decreased with 0.5 and 0.6
g of Na 2 CO 3 . The same results were also acquired with three MILs. Therefore, 0.4 g of Na 2 CO 3 was selected
as the amount of salt. The extraction results obtained with 1-butyl-3-methylimidazolium tetrachloroferrate are
given in Figure 4 as an example. As seen, the recoveries of phenolic acids with 0.4 g Na 2 CO 3 were in the
order of gallic acid > chlorogenic acid = protocatechuic acid > ferulic acid > caffeic acid. All interactions
during extraction were high with 0.4 g of Na 2 CO 3 . Therefore, the extraction reached saturation with 0.4 g of
Na 2 CO 3 . Then the interactions of phenolic acids with increasing amounts of salt changed, which resulted in a
decrease in the extraction efficiency.

2.2.4. Ultrasound extraction time and temperature
The optimization of extraction time is an important parameter because ATPE is a type of equilibrium extraction.
The partition equilibrium of analytes may be better at longer extraction times. This results in higher extraction
efficiency [31]. Thus, to determine the optimum ultrasonic time for extraction efficiency, the extraction was
carried out in the range of 5–25 min. The working frequency and power of the ultrasonic bath was adjusted
to 35 kHz and 230 W. When the extraction time was 5 and 10 min, phase formation was not observed. The
experimental results showed that the highest extraction efficiency was observed when the extraction time was
15 min with three MILs. The extraction efficiency decreased with 20 and 25 min of extraction time. Thus, 15
min was accepted as the optimum ultrasonic time for MIL-ATPE of phenolic acids. As the solubility and mass
transfer of phenolic acids vary with temperature, the extraction temperature also has an important effect in
ATPE [31]. To find the optimum extraction temperature, extraction was carried out at temperatures of 25, 30,
40, 50, and 60 °C in a heated ultrasonic bath and the temperature was controlled with a thermometer before
1676
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Figure 4. The effect of Na 2 CO 3 on the ATPE carried out with 1-butyl-3-methylimidazolium tetrachloroferrate (n =
3, 5 mL of 200 µg L −1 mixture, 200 µL of MIL, 0.2 g Triton X-100, pH 5.5, extraction time 15 min).

extraction. No phase difference was observed at 25 and 30 °C after extraction. Phase difference occurred at 60
°C, but the analyte peak was not on the chromatogram. Similar extraction efficiency was observed at 40 and
50 °C, so extraction was performed at ~40 °C.
2.2.5. pH of sample
As the solubility of phenolic acids depends on the pH of the medium, first the pH of the phenolic acid mixture
was checked and it was observed that the pH was ~5.5–6. Then the influence of pH on the extraction recoveries
was examined in the range of 3–9. pH adjustment was carried out by 0.1 mol L −1 NaOH and HCl. The highest
extraction recovery was obtained at pH 5.5–6, which was the pH of the solution. The pKa values of the studied
phenolic acids were pKa = ~3.14–4.16 [32]. At pH 5.5–6, which was the pH of the solution, the uncharged
phenolic acids migrated to the MIL-rich phase. When NaOH was added, the phenolic acids migrated to the
Na 2 CO 3 -rich phase [33]. Thus, pH 5.5–6 was accepted as the optimum pH for extraction. The interaction
between phenolic acids and ionic liquid could be defined as π - π interaction between the imidazolium ring of
the ionic liquid and aromatic rings of phenolic acids [34]. The hydrophobic effect and van der Walls interactions
such as with hydrogen bonds could also be observed between phenolic acids and ionic liquid in the aqueous
medium.
2.3. Comparison of extraction efficiencies of MILs
In this study, extraction was carried out with three kinds of MILs containing butyl, allyl, and benzyl groups.
After determination of the optimum parameters for extraction with three MILs, all the optimum values were
seen to be the same in all three MILs. At these optimum values, extraction was repeated with three MILs
and the extraction efficiencies of ionic liquids were compared. As shown in Figure 5, extraction recoveries were
≥75% for the three MILs and higher extraction efficiency was obtained with 1-butyl-3-methyl imidazolium
tetrachloroferrate, while the highest recovery was obtained for gallic acid extraction with three MILs. The
butyl group is more hydrophobic than the allyl and benzyl group. According to the extraction results, the
interaction between ionic liquid and phenolic acids can be said to entail more hydrophobic effects and van der
Walls interactions (hydrogen bonds) [35].
1677
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Figure 5. Comparison of extraction efficiencies of MILs in optimum conditions (n = 3, 5 mL of 200 µg L −1 mixture,
200 µL of MIL, 0.2 g of Triton X-100, 0.4 g of Na 2 CO 3 , pH 5.5, extraction time 15 min).

To investigate the extraction efficiencies of MILs, the ATPE method was also carried out with 1-butyl-3methylimidazolium chloride, 1-allyl-3-methylimidazolium chloride, and 1-benzyl-3-methylimidazolium chloride
used as starting materials in the synthesis of MILs. The extraction was realized at optimum parameters
determined by MILs. Although the phase was obtained with 1-butyl-3-methylimidazolium chloride and 1-benzyl3-methylimidazolium chloride, no analyte peak was observed. Very low extraction efficiency was obtained with
1-allyl-3-methylimidazolium chloride for phenolic acids.
2.4. Method validation
As higher extraction efficiency was obtained with 1-butyl-3-methylimidazolium tetrachloroferrate for phenolic
acids, method validation and the analytical performance of the method were determined out with this ionic
liquid.
Under optimized conditions, linearity, limit of detection (LOD), limit of quantification (LOQ), and precision were examined. The calibration curve was established with a solution of standard phenolic acids at eight
different concentrations with three replications. The linear ranges were found as 5–500 µg L −1 with coefficients
of determination (R 2 ) ranging from 0.9947 to 0.9985 for each phenolic acid. LOD and LOQ were determined
with 3 S b /m and 10 S b /m formulas based on the standard deviations of the blank signals (S b ), and the slope of
the calibration curve (m). LOD and LOQ were found in the ranges of 1.34–1.56 µg L −1 and 4.33–4.68 µg L −1 ,
respectively. The precision of the developed method was evaluated as % relative standard deviation (RSD%)
and measured with 5 and 25 µg L −1 phenolic acid mixture in interday and intraday evaluations. RSD% values
were found to be 3.02%–4.51% and 4.48%–5.69% for intraday precision and interday precision, respectively.
The all results are given in Table 2.
2.5. Sample analysis
The developed MIL-ATPE technique was applied to grape, apple, pear, and banana samples for the investigation
of the performance of the method. The sample analysis was carried out with 1-butyl-3-methylimidazolium
tetrachloroferrate under optimum conditions. No phenolic acid residues were found in real samples. To
demonstrate the accuracy of the proposed method a spiked experiment was conducted with standard mixtures
of 5, 50, and 100 µg L −1 phenolic acid solutions and extraction recoveries were found in the range of 70.78%–
99.97% (Table 3). The recoveries showed that the proposed MIL-ATPE technique was successfully applied to
1678
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Table 2. The parameters indicated the analytical performance of the developed method (n = 3)

Parameters

Gallic acid

Chlorogenic acid

Caffeic acid

Ferulic acid

5–500
0.9947
1.34
4.47
3.37

Protocatechuic
acid
5–500
0.9956
1.47
4.33
3.99

Linear range (µg L−1 )
Regression equation (n = 7)
LOD (µg L−1 )
LOQ (µg L−1 )
Intraday precision
(5 µg L−1 , RSD, %, n = 5)
Intraday precision
(25 µg L−1 RSD, %, n = 5)
Interday precision
(5 µg L−1 RSD, %, n = 5)
Interday precision
(25 µg L−1 RSD, %, n = 5)

5–500
0.9959
1.56
4.68
3.20

5–500
0.9967
1.37
4.55
3.66

5–500
0.9985
1.43
4.45
3.65

3.73

3.02

3.77

4.51

3.51

4.59

4.48

5.00

5.32

4.95

5.16

4.63

5.69

4.50

4.96

grape, apple, pear and banana. Typical HPLC chromatograms of a blank and spiked apple and pear samples
are shown in Figure 6.
2.6. Conclusions
An aqueous two-phase extraction technique based on magnetic ionic liquid-nonionic surfactant for phenolic
acids in grape, apple, pear, and banana samples was developed. After extraction, separation was effectively
performed with HPLC. High extraction efficiencies were achieved with magnetic ionic liquids. The extraction
recovery obtained with 1-butyl-3-methylimidazolium tetrachloroferrate was higher than the recovery with 1allyl-3-methylimidazolium tetrachloroferrate and 1-benzyl-3-methylimidazolium tetrachloroferrate. This result
showed that the interaction entailed hydrophobic effects and van der Walls interactions between the ionic liquid
and phenolic acid. The extraction efficiency was higher in gallic acid. As the chemical structures of the phenolic
acids were similar, their extraction efficiencies were also close to each other with magnetic ionic liquid. The
highest extraction efficiency was obtained for gallic acid with magnetic ionic liquids. The developed method
also had small LOD and LOQ values and a good linear range for phenolic acids. High recoveries were obtained
with spiked recovery experiments. Moreover, the proposed method for phenolic acids was a simple, repeatable,
inexpensive, and rapid technique. The synthesized magnetic ionic liquids have inadequate magnetism; thus, a
cloudy solution was centrifuged for phase separation. If the magnetism of the ionic liquids were sufficient, the
extraction time could be shortened, as there would be no centrifugation step. For this reason, studies aiming
at overcoming this issue can be planned in the future.
3. Experimental
3.1. Chemical and materials
1-Butyl-3-methylimidazolium chloride, 1-allyl-3-methylimidazolium chloride, and 1-benzyl-3-methylimidazolium
chloride were of analytical grade and acquired from Sigma-Aldrich (Switzerland). FeCl 3 .6H 2 O, Triton X-100,
Na 2 CO 3 , and ethyl acetate of analytical purity and gallic acid, chlorogenic acid, caffeic acid, ferulic acid,
protocatechuic acid, acetic acid, and methanol of HPLC purity were supplied by Sigma-Aldrich (Switzerland)
or Merck (Germany). Ultrapure water was obtained from a Milli-Q water purification system (USA). The
samples were filtered through 0.45-µm filter discs (Millipore Millex-HV, Hydrophilic PVDF) before analysis.
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Grape

Banana

Pear

Apple

Sample

84.39 ±0.78

100

4.39 ±0,66

5

43.43 ±0.88

78.81 ±0.53

100

50

39.35 ±1.57

4.70 ±0.72

5

50

82.12 ±0.28

100

4.55 ±0.71

5

43.01 ±0.71

74.80 ±0.82

100

50

38.84 ±0.32

4.50 ±0.71

Found
(µg L−1 ;
mean ±SD)

Gallic acid

50

5

Spiked
(µg L−1 )

84.39 ±0.79

86.87 ±0.95

87.81 ±0.67

78.81 ±0.53

78.70 ±1.58

89.38 ±0.72

82.12 ±0.28

86.01 ±0.71

90.94 ±0.71

74.80 ±0.83

77.68 ±0.32

90.01 ±0.71

Recovery
(%; mean
±SD)

85.32 ±0.83

45.14 ±0.86

4.84 ±1.15

72.20 ±1.45

39.29 ±1.29

4.22 ±1.62

71.16 ±0.73

39.28 ±1.06

4.31 ±1.61

71.69 ±0.26

35.95 ±0.62

4.22 ±0.61

Found
(µg L−1 ;
mean ±SD)

85.32 ±0.83

90.28 ±0.87

96.97 ±1.16

72.20 ±1.46

78.59 ±1.30

84.46 ±1.62

71.16 ±0.73

78.59 ±1.07

86.23 ±1.84

71.69 ±0.27

71.91 ±0.62

84.46 ±0.61

Recovery
(%; mean
±SD)

Protocatechuic acid

83.81 ±0.86

49.86 ±1.86

5.02 ±1.08

75.08 ±1.39

41.55 ±1.75

3.79 ±1.66

88.06 ±0.72

40.91 ±1.01

3.75 ±0.83

82.07 ±1.30

36.66 ±1.11

3.65 ±1.27

Found
(µg L−1 ;
mean ±SD)

83.81 ±0.87

99.73 ±1.87

99.97 ±0.96

75.08 ±1.40

83.11 ±1.75

75.82 ±1.67

88.06 ±0.72

81.81 ±1.01

74.98 ±0.83

82.07 ±1.30

73.35 ±1.11

73.05 ±1.27

Recovery
(%; mean
±SD)

Chlorogenic acid

99.95 ±0.52

50.05 ±1.45

4.29 ±0.72

72.88 ±0.33

39.44 ±0.72

4.08 ±0.88

81.54 ±0.93

42.57 ±1.04

3.77 ±0.33

79.39 ±1.07

38.90 ±1.71

3.76 ±0.49

Found
(µg L−1 ;
mean ±SD)

Caffeic acid

Table 3. The analytical results of real samples (n = 3).

99.95 ±1.10

99.90 ±0.92

85.96 ±0.73

72.88 ±0.33

78.89 ±0.72

81.73 ±0.88

81.54 ±0.93

85.15 ±1.05

75.37 ±0.38

79.39 ±1.07

77.80 ±1.72

75.24 ±0.49

Recovery
(%; mean
±SD)

75.73 ±0.64

41.88 ±0.71

4.25 ±0.81

79.03 ±1.00

39.34 ±1.23

4.05 ±0.39

83.18 ±0.78

38.96 ±0.67

4.06 ±0.23

79.26 ±0.94

35.39 ±0.58

3.99 ±0.22

Found
(µg L−1 ;
mean ±SD)

Ferulic acid

75.73 ±0.64

83.77 ±0.72

84.92 ±0.81

79.03 ±1.00

78.69 ±1.23

81.12 ±0.39

83.18 ±0.79

77.93 ±0.67

81.25 ±0.23

79.26 ±0.94

70.78 ±0.58

79.81 ±0.23

Recovery
(%; mean
±SD)
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Figure 6. HPLC chromatograms: a) apple and pear samples after MIL-ATPE and b) 100 µg L −1 , c) 50 µg L −1 , and d)
5 µg L −1 standard phenolic acid spiked samples after MIL-ATPE (1- gallic acid, 2- protocatechuic acid, 3- chlorogenic
acid, 4- caffeic acid, 5- ferulic acid).

Standard stock solutions (100 µg mL −1 ) of phenolic acids were prepared in methanol and stored in
the refrigerator at 4 °C. Working solutions were obtained by appropriate dilution of stock phenolic acids with
methanol.
3.2. Apparatus
A Thermo Scientific Dionex Ultimate 3000 HPLC system (Germany) equipped with a diode array detector
(DAD) was used for the analysis of phenolic acids. The separation of phenolic acids was performed with
a Thermo column (15 cm ×4.6 mm ×3 µm i.d.) at a column temperature of 50 °C, and 2% (v/v) acetic
acid:methanol (82:18) (v/v) in isocratic elution mode was used as the mobile phase at a flow rate of 1 mL
min −1 . The wavelength of the DAD was 280 nm [4,36]. FTIR spectra of magnetic ionic liquids were recorded
on a PerkinElmer Spectrum BX-II Fourier transform infrared spectrometer (USA). A T80 PG Instrument
UV-Vis spectrophotometer (China) was used for absorption spectra. Thermal stabilities of ionic liquids were
investigated with a PerkinElmer Diamond thermogravimetric/differential thermal analyzer (USA).
The centrifugation of real samples was carried out with a Nuve NF 200 type centrifuge device (Turkey).
A Mettler Toledo model pH-meter (China) was used to optimize the pH of samples. The sonication of extraction
mixture was performed with a Bandelin Sonorex model heated ultrasonic bath (Germany)
3.3. Samples
Grape, apple, pear, and banana samples were supplied by a commercial market in İzmir, Turkey. After the
samples were homogenized by laboratory blender, the water of the samples was filtered on filter paper. A volume
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of 1 mL of filtrate was diluted to 20 mL with ultrapure water and sonicated for 5 min at 0 °C in an ultrasonic
bath. After centrifugation for 10 min at 5000 rpm, 15 mL of ethyl acetate was added to 15 mL of supernatant
phase and mixed for 20 min. Ethyl acetate was evaporated and the residue was dissolved with methanol [4,37].
Five milliliters of this solution was used for the proposed MIL-ATPE.
Standard 5, 50, and 100 µg L −1 phenolic acid solutions were spiked with 1 mL of sample filtrates for
testing the accuracy of the developed method. The total volume was mixed at room temperature for 3 h after
dilution to 20 mL by ultrapure water and the above extraction procedure was applied.
3.4. Preparation of MILs
MILs were synthesized by a reaction between 1-butyl-3-methylimidazolium chloride, 1-allyl-3-methylimidazolium
chloride, or 1-benzyl-3-methylimidazolium chloride and iron(III) chloride hexahydrate (FeCl 3 .6H 2 O) [26,38].
For this, each of the starting ionic liquids was heated to 90 °C for 1 h. Then an equal molar amount of
FeCl 3 .6H 2 O was added to the ionic liquids and the mixture was cooled to room temperature and stirred for
3 h. The mixture was taken into the tube and the water phase was decanted. 1-Butyl-3-methylimidazolium
tetrachloroferrate, 1-allyl-3-methylimidazolium tetrachloroferrate, and 1-benzyl-3-methylimidazolium tetrachloroferrate were obtained in ~85%–90% yields.
3.5. MIL-ATPE procedure
A test solution of 5 mL containing standard phenolic acids or sample solution, 0.2 g of Triton X-100, 200 µL of
MIL, and 0.5 g of Na 2 CO 3 was put into a 15-mL centrifuge tube. This mixture was sonicated in an ultrasonic
bath for 15 min at ~50 °C. As MILs have inadequate magnetism to be separated from the aqueous phase due to
sample volume, the cloudy solution was centrifuged for 15 min at 5000 rpm to accelerate the separation. Then
the upper MIL phase was taken and its volume was measured as about 350 µL. This upper phase was diluted
with 100 µL of methanol in the HPLC vial and filtered with a 0.45-µm PTFE filter membrane, and 20 µL of
the MIL phase was directly injected into HPLC for analysis of phenolic acids.
3.6. Optimization of extraction conditions
Experimental parameters such as volume of MIL, type and amount of surfactant and salt, ultrasound extraction
time, temperature, and sample pH were optimized to obtain high extraction efficiency. All experimental
parameters and ranges are shown in Table 1. Optimization was also carried out with three MILs. Results
were given as the average of 3 parallel experimental results for all parameters. The recovery values were
calculated using the following equation [39]:
Recovery (%) = (100 C t V t )/(C t V t

+ C b V b)

C t and C b indicate the concentrations of phenolic acids in the top and bottom phase, respectively. V t
and V b represent the volumes of the top and bottom phase, respectively.
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